Effective superpotentials are considered which include glueball chiral superfields among their arguments in supersymmetric gauge theories. It is seen that the accommodation of glueball superfields is suitable for their complete determination.
Symmetries provide exact information on effective actions for field theories.
In particular, supersymmetry is powerful enough to sometimes determine effective superpotentials [1] even uniquely. [2,···,9] In gauge theories, certain internal symmetries turn out to be anomolous. There have been two ways for dealing with anomalous symmetries to determine effective superpotentials in supersymmetric gauge theories. One way given by Taylor, Veneziano, and Yankielowicz [3] is to introduce glueball chiral superfields [2] to realize anomalous transformation laws for effective actions. The other way given by
Intriligator, Leigh, and Seiberg [8] is to view anomalous symmetries as explicitly broken and utilize them to derive selection rules [6] for effective superpotentials.
In this paper, we take advantage of the former way in determination of effective 
as a tree-level superpotential.
We take a glueball superfield [2] S
where W α is the field-strength chiral superfield for the SU(N c ) gauge multiplet, in addition to the meson superfield M j i and the baryon superfields B i , B j as variables [5, 7] to describe an effective superpotential W ef f .
Now we introduce a term
which satisfies all the symmetry constraints including an anomalous one in the theory with the mass m regarded as a spurion superfield. [6] Here Λ denotes a dynamical scale of the gauge interaction.
Then we may write the effective superpotential as follows:
where f is a holomorphic function to be determined. This is because W dyn saturates the anomaly and hence W ef f − W dyn satisfies all the 'classical symmetries' in the theory.
The term W dyn exclusively leads to an effective superpotential
when the superfield S is integrated out. Since this superpotential is appropriate [7] for the massless limit with N f = N c + 1, we impose a condition that f = 0 for m = 0. Then we get
provided the perturbation theory works in the asymptotic regime Λ → 0 (and m → 0). Thus we conclude
Note that the expression (5), in contrast to (3), seems inappropriate in considering the asymptotic regime due to its singularity for Λ → 0.
Let us turn to the next example. We consider supersymmetric SU(2) 1 × SU (2) 2 gauge theory with a chiral superfield Φ in a representation (2, 2) , whose dynamical scales are given by Λ 1 and Λ 2 . We take glueball superfields S 1 and S 2 corresponding to the gauge groups SU(2) 1 and SU (2) 2 in addition to a gauge-singlet chiral superfield X ∼ ΦΦ (8) as variables [8] to describe an effective superpotential W ef f .
We introduce an anomaly-saturating term
where F denotes a holomorphic function to be determined.
We can add a tree-level mass term for Φ with mass m to obtain an effective superpotential
where f is a holomorphic function which satisfies a condition that f = 0 for m = 0.
By means of the asymptotic limit Λ 1 , Λ 2 → 0 (and m → 0), we get
Integrating out the superfield X, we obtain
On the other hand, the massive theory is expected to yield pure supersymmetric SU(2) 1 × SU(2) 2 gauge theory as its low-energy limit, whose effective superpotential is given by [2] W pure = S 1 ln
where Λ ′ 1 and Λ ′ 2 are dynamical scales for the pure gauge theory. Comparing this expression with (12), we see
More generally, the above approach confirms the linearity [8, 9] of an effective superpotential
where W dyn is an anomaly-saturating term independent of the couplings in a treelevel term W tree .
In conclusion, we have seen that it is suitable for determination of effective superpotentials in supersymmetric gauge theories to introduce glueball superfields among their arguments from the beginning. 
